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CFD for Applications to Aircraft Aeroelasticity 

Guru P. Guruswamy 
Applied Computational Fluids Branch 
NASA Ames Research Center 
Moffett Field, California 

Abstract 

Strong interactions of structures and fluids are common in many engineering 
environments. Such interactions can give rise to physically important phenomena 
such as those occurring for aircraft due to aeroelasticity. Aeroelasticity can signif- 
icantly influence the safe performance of aircraft. At present exact methods are 
available for making aeroelastic computations when flows are in either the linear 
subsonic or supersonic range. However, for complex flows containing shock waves, 
vortices and flow separations, computational methods are still under development. 
Several phenomena that can be dangerous and limit the performance of an aircraft 
occur due to the interaction of these complex flows with flexible aircraft components 
such as wings. For example, aircraft with highly swept wings experience vortex in- 
duced aeroelastic oscillations. Correct understanding of these complex aeroelastic 
phenomena requires direct coupling of fluids and structural equations. This paper 
provides a summary of the development of such coupled methods and its applica- 
tions to aeroelasticity since about 1978 to present. A part of the paper discusses 
the successful use- of the transonic small perturbation theory(TSP) coupled with 
structures. This served as a major stepping stone for the current stage of aeroe- 
lasticity using CFD. The need for the use of more exact Euler/Navier-Stokes(ENS) 
equations for aeroelastic problems is explained. The current development of un- 
steady aerodynamic and aeroelastic procedures based on the ENS equations are 
discussed. The paper illustrates aeroelastic results computed using both TSP and 
ENS equations. 
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Other issues like artificial viscosity, upwinding, etc. 


APPROACH FOR COMPUTER SIMULATION 
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erties of the fuselage tip stores, and control surfaces 
modeled 


£ 

O 

HH 

H 

O 


Ph 

O 

cw 

£ 

O 

i— i 

5 

P 

O’ 

w 

u 

I— I 

H 

CD 

◄ 

i-3 

W 

O 

PS 

◄ 

Q 

W 

h3 

Oh 

P 

o 

o 


o 

C/5 -rH 
0> ■*> 
-M d 


<3 

d 


hb 


M 

o 

o 

u 


co 

d 

13 a 

nd g 
O 


6 


I 

■ i-H 

CD 


3 £ 

d ^ d 
03 O 

CO ^ • i-H 


o o 

C/5 Ic— I 


03 

a _ 

d « r[ 

(H pH ^4H 

CD 


d 0 


rr-( co eg 

^ g e 

• O O 


6 3 


d d 

*2 3 s 

03 C7 1 CT 1 

P H H 


( — — N 

"T3 


&H 

'-Y-' 

II 

r- A — \ 

Cm 

+ 

r**—\ 

-o^ 

v -v-' 

cs 

+ 

:Cm 


*H 

O 

-M 

U 

03 

> 

c/3 q; 
03 <j 

y m 

'G «g 

d u 

a -a 

CO 
CO 
<L> 

.d 
to 

• rH 

CD 

9 


CD 

-M 

.9 

o 

Oh 

'o 

-M 

d 

o 

u 


d d 

5 d 
>» >> 
nd xl 


o 

Sh 

0) 

d 


o 

M 

03 

d 


03 

,d 

-M 


Oh 


So 


<D 

-i-3 

b0 Cj_i 

a .a ^ 

43 X d 
^ < a 

d 
<L> 

d 

13 

d 

o 

bJO 
d 

03 
rd 

-(-3 

CO 

• i-H 


co ■— p 

a i 

at- 

-e- 


CM 8 


* 

TJ P 
d 

^ i— 1 1 CM 


o 




275 






fl ^ 

cS co 
Oh OJ 
co x) 

E 1 


«+H 

o 

o 

• rH 

>> 

Q> 

• rHI 

u 

H 

• 

4^ 

H 

CO 

CO 


O 

fH X3 

jS fl 

<1 


277 



TYPICAL RESULTS FROM TSP CODE ATRAN3S 
Full-Span Wing-Body Aero elasticity 
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Note - Present technique can be used for both structured and 
unstructured grids 
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FUTURE DIRECTIONS (continued) 
Algorithm Development 
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FUTURE DIRECTIONS (continued) 
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